This paper summarizes the work carried out for Cyprus in respect to developing guidelines on the measures that have to be taken for the reduction of the impacts caused by the operation of dairy cow farms and in a second stage, to aid the competent authorities in permitting the dairy farms under the Water and Soil Pollution Control Law. The paper includes information on the existing situation in Cyprus in regards to:
Introduction
The introduction of intensive farming operations, increased production of manure and higher density of animals in certain areas through improper management have resulted in many negative environmental effects, health concerns and public nuisances that require immediate attention.
The spreading of untreated manure and improperly stored waste on farm sites result in nitrates from manure contaminating soils and seeping into the groundwater and surface waterways. Water pollution by nitrates is causing problems in most European Union member states. The sources of nitrate pollution in waters are diffused through multiple discharges that are often difficult to locate. Ammonia and volatile organic compounds (VOCs) emissions identified from farm sites contribute to the deterioration of air quality and nuisance odours. Whilst ammonia originates from the nitrogen part of manure and urine and is a significant source of atmospheric ammonia, VOCs are predominantly emitted from the slurry wastewater lagoons (Filipy et al., 2006) . These gases are emitted in quite high concentrations in Cyprus mainly due to the hot and dry climate. Crop production may be affected by contaminated soils and in severe cases the land may even become sterile.
In response to these problems, the European Union issued the Directive 91/676/EEC on nitrates from agricultural sources and the Water Framework Directive 2000/60/EEC. Cyprus launched an appropriate program designating the "nitrate vulnerable zones" (NVZs) of the island (MANRE, 2005) : areas of agricultural land with significant contribution to N pollution at watershed level and developed an action program that included measures for reducing water pollution by nitrates within the NVZs and a Code of Good Agricultural Practice (Code GAP) for the operation of animal breeding farms.
This paper focuses on the operation of dairy farms in Cyprus. During dairy operations, secondary to milk production are the wastes associated with maintaining a dairy. Dairy animal waste can be produced in either liquid or solid form. Traditionally considered a valuable part of agricultural enterprises, manure has become one of the greatest worldwide challenges, which, if properly managed can continue to benefit the farmer in the form of fertilizer that can be applied to crops for cow grazing.
Existing situation
According to the Dairy Cattle Breeding Report 2003 published by the Division of Agriculture in 2004 (MANRE, 2004 , the total number of cattle in Cyprus is 58,513. These are distributed in 259 dairy cattle breeding units of which 250 are for milk production (housing 26,163 milk producing cows), 8 are cattle fattening units and one is a calfbreeding unit. Inadequately managed units in certain densely packed agricultural areas used intensively for stockbreeding gave rise to many problems. These include extensive water abstraction, pollution related to the extensive fertiliser use and insufficient and unacceptable animal housing. In response to the above problems, the Government of Cyprus adopted the Water and Soil Pollution Control in 2002 (No. 106(I)/2002), which is fully integrated with the European legislation (MANRE, 2004) .
The annual contribution of nitrogen from fertilisers and manure comes up to 78 kg/ha. In the year 2000, the annual contribution of nitrogen from the use of livestock waste (manure and slurry) was 70 kg/ha. Manure is most commonly used in grains, in industrial plants and plants for animal feed and less in trees. The estimated area where livestock waste, especially slurry may be used is approximately 85,000 ha, which corresponds to 110 kg N/ha (MANRE, 2005) .
Number of animals per district
The total number of dairy cattle in 2003 was 26,612 (Fatta, 2004) . Figure 1 displays the percentages of dairy cattle according to each district (pie chart), in addition to the numbers of dairy cattle used for milking. The cattle breeding units tend to be densely located in certain areas, with the majority situated in Larnaca (112 units in 26 villages). Of these Waste sources according to the breeding system used Dairy cattle manure may be in a liquid, semi-solid or solid form, depending on the type of housing, ration and climate. The two main types of breeding units that exist are free-stall yards and housing cubicles (commonly combined with free-stall yards). The manure produced in the covered and open areas of free-stall yards and combined units is kept in covered areas for 2-6 months, collected and temporarily stored on land or directly transferred for land application with no biological treatment. No liquid wastes are produced in the covered areas of free-stall yards during the summer since they evaporate or are absorbed by the hay. Where rainwater does not enter the covered areas, this holds true for winter also. In combined systems, liquid wastes from covered areas are removed continuously throughout the day with scrubbers and collected through canals in non-watertight lagoons or over-ground tanks whose walls are made of manure or soil. However, uncontrolled runoff results from rainwater inflow to open areas of free-stall and combined systems.
The most common disposal of the milkhouse wastewater (consisting of udder washings, milking machinery, refrigerator cleaning, milkhouse cleaning) is to a sorption tank. Alternatively, some units use the wastewater for spraying the surrounding soil within the unit.
Quantity of wastes produced
The volume of produced wastes should be presented per dairy cow or per livestock unit, according to international practices. In Cyprus, the volume for dairy cows in free-stall yards (based on data given to the Environment Service for waste disposal permits by owners) ranges from 4.3 to 9.2 kg manure/day/animal (Fatta 2004) . Table 1 displays the amount of manure produced in relation to the animal type. The estimations are based on data supplied by the Cyprus Agricultural Research Institute (ARI), literature and farm owners but are not in agreement with those provided to the Environment Service by owners for waste disposal permits. Table 2 illustrates the relationship between the amount of water consumed during milking and the amount of wastewater produced, as estimated by ARI. Each dairy cattle consumes a total of 232 litres of water daily. The quality of the waste produced depends on a number of parameters. These include animal type, digestion ability, protein and fibre content in the food ration, water quality used and housing conditions among other factors. Data for the quality of wastes produced by dairy cattle units using housing cubicles and combined housing are presented in Tables 3 and 4 , respectively. The information is based on data obtained from the Environment Service, owners and analyses conducted independently at the University of Cyprus (UCY).
Guidelines for minimisation of diffuse pollution
In March 2005 the Environment Service introduced guidelines and measures to be applied to all the existing cattle breeding units in Cyprus that aim to reduce waste, odours and water consumption and provide a framework for a monitoring program designed to ensure the sustainable operation of dairy farms (Fatta 2004) . Focus is directed on the main problem areas, particularly reducing water pollution from agricultural sources and in controlling and reducing the quantity of nitrate sources and losses in agricultural areas.
In combining relevant sections of the Code GAP and the most recent technical advice feasible for the existing conditions in Cyprus, general waste disposal and management of the free-stall yards and cubicle housing systems are considered in order to minimise diffuse pollution. An island-wide characteristic that is problematic is that the existing cattle breeding units are densely packed within certain areas, often alongside other livestock units. Improper treatment and lack of precautions necessary to prevent pollution have therefore amplified the negative effects on the environment. Farmer managers are now considered responsible for the proper (and sustainable) operation of their respective units and therefore the handling and disposal of the wastes produced. Emphasis is placed on measures that should be taken to prevent leaching and runoffs, to ensure proper treatment of wastes and to deal with nitrates and odour nuisances.
Waste management
Wastes from dairy cattle breeding units consist of cow manure, bedding material, washwater from the milking centre wastes, clinical wastes, dead animals and municipal type wastes (solid and liquid) from the personnel and packaging wastes. The different wastes should be collected and dealt with separately so as to prevent cross-contamination. Pollution of watercourses, soil contamination and odour nuisances often occur from leaching and runoff of wastes/wastewaters from agricultural areas. It is for this reason that liquid wastes applied to lagoons and land should be at distance of at least 50 m from water bodies including boreholes used for irrigation to prevent any leaching and/or runoff into nearby water bodies. Furthermore, the disposal of wastes should be at distances less than 300 m from water bodies and wells, boreholes or other similar water supplies. Following the designated NVZs, applications of wastes on these areas must consider the amounts disposed (according to the relevant regulation, K.D.P. 45/1996). In order to prevent soil contamination, measures to prevent runoff onto neighbouring land (except those that have been registered as suitable for land application) during the use or application of the wastes needs to be taken. The scarcity and shallowness of the aquifers in Cyprus are an additional reason as to why the recognition of NVZ and vigilant control of land spreading are important. To ensure and record the progress of the guidelines it is crucial that there is regular monitoring and inspection of the water consumption, quantities of waste produced and applied to land, chemical analysis of the soil and wastes to be applied.
Preventing leaching and runoff is essentially achieved through proper design of evaporating basins/lagoons and storage spaces, enclosed collection systems and through prevention of excess inflow (from rainwater) into the storage tanks. The proper treatment of wastes/wastewaters, whilst also avoiding odour nuisances, should also be fulfilled by these units.
For solid wastes, the most effective treatment is to regularly divert them from the housing areas at regular time intervals so as not to exceed a manure bed of more than 15 cm. Due to the restrictions placed on the time and amount of waste allowed to be deposited on land, the storage capacity of the waste should be large enough to store at least six months of volume produced. Sufficient storage space is crucial since there is often not enough land for direct application. To prevent leaching/runoff, storage platforms should be constructed from cement and inclined towards a leachate collection system that is surrounded by protective wall linings. Where runoff/leaching does occur, this needs to be dealt with by diverting the leachate to a watertight collection tank for evaporation or using it for spraying the stored manure whenever needed. To reduce treatment time it is recommended to periodically mix the stored manure to ensure homogeneous digestion.
The solid wastes should ideally be kept as dry as possible, therefore, a mechanical separation system must be used to separate them from the liquid wastes. Rainwater from neighbouring premises should be dissipated by streams away from the unit premise areas and surface water from the housing roofs should be collected and used or diverted away wherever possible. For treatment purposes, the manure must then placed in elongated piles and covered for protection against rainwater and wind with a storage time of at least three months (for digestion purposes). If used undigested, its use needs to be limited and applied according to the Code GAP. The Code GAP further clarifies the periods, methods of manure application and the types of crops to which manure can be applied (always considering the NVZs). Once treated, the solid wastes should be applied to the ground within the same day so as to avoid being wind-blown therefore causing odour nuisances. Solid wastes can be used in all cultivations (grain crops being the most common). The quantity of the manure used depends on the moisture content and cultivation type and the allowed dosage is determined by the nitrogen requirements of the cultivation.
Where liquid wastes are concerned, these should be collected by use of scrubbers and transported to a collection tank in the mechanical treatment area (following separation) via closed pipes. For leaching/runoff preventative measures, the collection tank must be built from reinforced concrete or metal with a suitable internal lining. Its capacity should be of at least double the maximum daily liquid waste production. To avoid anaerobic conditions, nuisance odours and flies, the tanks must either be fully emptied after cleaning the premises or aerated, in addition to installing a permanent mixing system. The separated liquid wastes should then be pumped to storage tanks or evaporation lagoons. The storage tanks must be of sufficient capacity so as to allow at least six months storage of waste with a maximum depth of 2.5 m to avoid the creation of anaerobic conditions. The evaporation lagoons should have a capacity so as to allow the whole quantity of liquid waste to evaporate by the end of the summer. A maximum depth of 120 cm is recommended for this purpose. The design of the evaporating lagoon is crucial to minimise ammonia and VOC diffusion. The liquid wastes from the storage tanks can be used for fertilization of dry or irrigated cultivations in particular areas or as a soil improver for agricultural land. The wastes stored in evaporation lagoons are intended for evaporation purposes only. To avoid overflows or leakages, the wastes in the tanks must be maintained at least 40 cm below the surface and the tank design must not allow any inflow of rainwater from the surrounding areas.
The inflow pipe of the storage tanks should be located near the bottom and the pumping point at least 20 cm below the depth of the waste in the tank to minimize nuisance odour. For the drying ponds, the location of the input pipes should be 30 cm below the depth of the waste. Both the storage and drying tanks must be maintained watertight throughout the duration of their use. Following treatment, the liquid wastes can be transferred via closed pipes or tankers to their designated disposal sites, with appropriate measures taken to avoid leakages during transportation. The application of liquid wastes directly to the ground after being handled is necessary to avoid nitrate pollution, nuisance and ammonia emissions. In the case where washwater from the milk centre is separated from the other liquid waste, disposal is most convenient in a pit latrine. Monitoring the BOD and the volume disposed is of importance so as to prevent overflow and to monitor the impacts on the surrounding soil.
From an environmentally beneficial as well as an aesthetic point of view, tree-planting around the perimeter of the unit, preferably double plantations of fencing trees, should be planted and can be fertilised by small quantities of separated liquid wastes. This will also reduce odour problems in nearby residential areas.
Animal management
A somewhat indirect contribution to diffuse pollution is the management of the animals. Ideally owners need to minimize facility costs and negative impacts to cows' environment whilst maximizing milk production per cow, reproductive efficiency and health. By ensuring the maximum milk is obtained from each cow, fewer cows are needed. Therefore, the reduction in manure production reduces the pollution load. Measures that should be taken are adequate ventilation and shade to avoid heat stressing of the animals.
These can easily be achieved through the correct orientation of the feedlines and evaporative cooling systems, fans or soaker systems (Alberta, 2003; Smith et al. 2006) .
Conclusions and future outlook
The implementation of the guidelines above aim to address a worldwide cause of diffuse pollution: manure. Changes in manure handling systems, the specialization of individual farms, the increasing size and the intensification of livestock production facilities have given rise to both challenges and opportunities to livestock production facilities leading to the development sustainable manure management practices. Currently, land application of animal manure is an efficient utilization of nutrients because of usually lower costs compared to treatment and the nutrient benefits derived by crops from the manure.
In contrast, there are several currently viable technologies that provide the homogenisation and stabilization needed to successfully compete against chemical fertilizers, including composting, pelletisation, and anaerobic digestion. Some of these technologies, particularly anaerobic digestion (AD) and composting open up increased opportunities to market the energy and nutrients in manure to non-agricultural uses. The application of AD to the treatment of dairy cow wastes would reduce water pollution potential and odour, increase fertilizer value and generate energy in the form of biogas. However, an important aspect of the acceptability of the AD process that needs to be considered is the maintenance requirements and reliability of full-scale AD plants when operated under normal working conditions (Chapman et al. 1990; Reijnders and Huijbregts, 2005) . Currently, research is being undertaken at the University of Cyprus with focus on maximisation of biogas production through anaerobic co-digestion.
Another crucial issue that needs immediate attention is the problem of water scarcity in Cyprus and the high salinity content in groundwater. For economic reasons, owners use this saline water that is often also high in boron content, resulting in the degradation of the cows' health and therefore the milk quality produced. The problem therefore that exists is not only minimizing the amount of water used but also obtaining affordable water of sufficient quality. Plans to build more desalination plants are under development; however, this raises the risk of over-exploitation of the groundwater resources.
Quality monitoring of wastes needs to be undertaken so as to aid in the optimisation of future technologies that aim to treat livestock wastes. In addition, concentration and emission rates of the nuisance odours (mainly ammonia and VOCs) need to be quantified. Since ammonia originates in the nitrogen part of manure and urine, a good method to decrease ammonia would be to reduce nitrogen residues in manure by appropriate feed rations (Frank et al. 2002) .
As can be concluded, diffuse pollution caused by dairy cattle units is a problem in Cyprus. This can be addressed through the management of farm operations and their direction towards more sustainable practices. The handling of the situation by the authorities and the response given by farm owners is positive through the common understanding that the correct applications will benefit all those involved.
